Objective: Statin intolerance, whether real or perceived, is a growing issue in clinical practice. Our aim was to evaluate the effects of reduceddose statin therapy complemented with nutraceuticals. Methods: First phase: Initially, 53 type 2 diabetic statin-treated patients received a supplementation with fish oil (1.7 g EPA þ DHA/day), chocolate containing plant sterols (2.2 g/day), and green tea (two sachets/day) for 6 weeks. Second phase: "Good responders" to supplementation were identified after multivariate analysis (n ¼ 10), and recruited for a pilot protocol of statin dose reduction. "Good responders" were then provided with supplementation for 12 weeks: standard statin therapy was kept during the first 6 weeks and reduced by 50% from weeks 6e 12.
INTRODUCTION
Cardiovascular disease (CVD), particularly atherosclerosis, is the major cause of morbidity and mortality throughout the world. The main target for CVD prevention is LDL-cholesterol (LDL-C) lowering, usually attained by statins [1] . Although statins are considered a first-line lipidlowering therapy and have contributed to clinical event reduction, residual cardiovascular risk remains high among statin-treated patients [2] . The most recent study with PCSK9 antibodies (FOURIER trial) supported the LDL-C hypothesis, which is "the lower the better", showing that this new class of drugs can further decrease the rate of clinical events [3] . However, results have also shown that despite extreme LDL-C reduction, absolute outcomes (MI) were still high after PCSK9 inhibition atop statin therapy [3] . Furthermore, atherosclerotic plaque regression with PCSK9 antibody was previously shown to be only 1% [4] , highlighting the need to address risk factors beyond lipids, such as inflammation and oxidative stress. This approach is especially important under diabetic conditions, in which plaque regression is impaired in pre-clinical models even when LDL-C is normalized [5] . Novel add-on therapies to maximally tolerated statin have also focused on the atheroprotective properties of HDL, especially its function on reverse cholesterol transport. However, the effectiveness of HDLtargeted agents is still controversial [6] . Although combination therapies have proven necessary [7] , and despite increasing efforts in drug development, a critical issue that undermines CVD prevention is the high prevalence of statin undertreatment due to real or perceived adverse effects [8] . Statin intolerance leads to discontinuation or suboptimal statin use; afflicted patients have 50% higher risk of coronary events than those with good statin adherence [9] . Convincing these patients, who claim muscle pain or weakness, to continue the statin therapy is a major challenge in clinical practice. The combination of nutraceuticals with statin treatment could help overcome these limitations [10, 11] . Bioactive compounds such as omega-3 fatty acids (n-3 FA), plant sterols, and polyphenols are naturally occurring molecules with great potential to reduce atherosclerosis progression by reducing inflammation, LDL-C, and oxidative stress, respectively [12e15] . Although the biological effects of these single compounds have been extensively evaluated over the last decade [14, 16, 17] , studies regarding bioactive compound combinations are still scarce, and the combined action of such agents in atherosclerosis is poorly understood [18] . More interestingly, the potential of reducing statin dose in conjunction with complementary diet therapy has never been investigated and could contribute to reduce adverse effects associated to high statin dosages and increase treatment adherence. In the present study, we first evaluated the effects of daily consumption of a combined supplementation of n-3 FA (fish oil supplement), plant sterols (enriched chocolate) and polyphenols (green tea) on biomarkers of inflammation, lipidemia and oxidative stress in type 2 diabetic patients treated with statins. We then conducted a pilot study to evaluate e in terms of plasma lipid profile, inflammatory, and oxidative markers e the effects of statin dose reduction by the combined supplementation compared to standard statin therapy (full dose), in a sub-group of patients who better responded to the initial intervention.
METHODS

Subjects
Participants with established dyslipidemia and diabetes were recruited from Dante Pazzanese Institute of Cardiology (São Paulo, Brazil). The primary selection criteria were current statin (simvastatin or atorvastatin) and hypoglycemic treatment (metformin and/or gliclazide). Exclusion criteria were patients who were taking n-3 FA, plant sterol, or green tea supplements; patients with poorly controlled diabetes (HbA1c > 7.5%) or dyslipidemia (LDL-C > 100 mg/dL); patients with atherosclerotic cardiovascular disease (ASCVD); pregnant females; patients who presented any congenital cardiac disorders or uncontrolled endocrine, renal; or hepatic disease; patients with excessive alcohol consumption. Based on these criteria, 53 subjects (male n ¼ 19 and female n ¼ 34) were enrolled and completed the first phase of the trial. Patient characteristics are shown in Table 1 . The study was approved by the Institutional Review Board of the Dante Pazzanese Institute of Cardiology (CAAE 27349114.5.3001.0067) and all patients provided informed written consent prior to inclusion. ClinicalTrials.gov ID was NCT02732223.
Study design
First phase: a crossover intervention was carried out. The protocol was single-blinded once the quantification of ingestion markers in plasma samples was indicative of subject's treatment. Initially, subjects were randomly assigned to receive nutraceuticals or a control treatment for 6 weeks. Daily treatment with nutraceuticals (NTR) consisted of seven fish oil softgels (1.7 g of EPA þ DHA), two dark chocolate truffles containing plant sterol esters (2.2 g/day), and two green tea sachets (w170.8 mg epigalocatechin gallate (EGCG)/day). Control treatment (CON) consisted of seven soy bean oil softgels, two regular dark chocolate truffles, and two anise tea sachets. As green tea and anise tea taste different, participants were informed in the beginning of the protocol that the tea taste would change along the study. The chocolate containing plant sterols was developed with collaboration of Chocolife Indústria e Comércio de Alimentos Funcionais Ltda, São Paulo [19] . The plant sterols PinVita The green tea and anise tea sachets (1.6 and 2.0 g each) were donated by Leão Alimentos e Bebidas (São Paulo, Brazil). Detailed description of chemical composition and oxidative status of food components are available in Appendix S1 (Supporting Information). Participants were instructed to consume 1 softgel after breakfast, 3 softgels, and 1 chocolate truffle twice a day (after main meals) and to drink two cups of tea per day. After a 6-week washout period, the groups were changed following the cross-over design for 6 weeks more. During each step, the subjects maintained their habitual routine and diet. Prescribed drugs were kept without any change throughout the study. Second phase: Multivariate statistical tools were applied to identify subjects who overall better responded to the combined supplementation provided in the first phase of the trial. Cluster analysis was performed including C-reactive protein, malondialdehyde and LDL-C concentration as active variables. Via this analysis, two sub-groups were identified with the aim of classifying patients that showed greater and lesser degrees of responses to the nutraceuticals intervention. Subjects that made up the so-called responder ("R"; n ¼ 10) and non-responder ("NR"; n ¼ 10) sub-groups were invited to participate in the second phase of the study. A pilot protocol of statin dose reduction by complementary diet therapy was carried out in the "R" sub-group only. Initially, "R" and "NR" subjects were recruited for a first visit, when baseline blood samples were collected and nutraceuticals (NTR) were provided only to responders. The "R" sub-group completed 6 weeks of NTR during which they maintained their prescribed dose of statin. Responders then reduced their statin dose 50%, and completed 6 more weeks of NTR. 
Anthropometric data and biochemical measures
Anthropometrical measures (weight, waist circumference, abdominal circumference, and hip circumference) were recorded at each visit. All blood samples were collected at baseline and after each intervention. Blood was drawn in vacutainer tubes (EDTA for plasma and SST for serum) after at least a 12 h fast. Plasma and serum were separated by centrifugation at 1000 Âg for 5 min at 4 C (Hitachi, CF-15R, Tokyo, Japan). Total cholesterol, HDL-C, LDL-C, triglycerides, glucose, creatine kinase, urea, alanine transaminase (ALT), aspartate transaminase (AST), glycated hemoglobin (Hb A 1c ), and high sensitivity C-Reactive Protein (hs-CRP) were performed utilizing commercial kits (Labtest Diagnostica SA, Lagoa Santa, Brazil) with automated system Labmax 240 (Labtest Diagnostica SA, Lagoa Santa, Brazil). Determination of plasma fatty acids (EPA, n-3; DHA, n-3; ARA, n-6), main plant sterols (campesterol and b-sitosterol), and cholesterol precursor (lathosterol) were performed using gas chromatography (GCeMS) [20, 21] . Plasma malondialdehyde (MDA) concentration was assessed using reverse phase HPLC [22] . Cholesterol efflux capacity (CEC) of apolipoprotein-B depleted plasma samples was determined in vitro as total, ABCA1-specific and non-ABCA1-specific efflux of radiolabeled cholesterol from macrophages to the plasma, as described [23] . HDL particle size was determined by ion mobility analysis (IMA) [24] . A detailed description of methodologies is available in Appendix S1 (Supporting Information).
Statistical analysis Values are expressed as mean AE standard error of mean (SEM).
Variance homogeneity and normality were evaluated for all variables. First phase: Percent changes from baseline after each treatment (CTR and NTR) were compared with independent samples T-tests. Data were also compared by dividing the patients into subgroups: patients who presented baseline values above the median and patients who presented baseline values below the median for each biomarker. In these comparisons, the percent of change observed in each subgroup was compared between the two treatments with independent samples Ttests. Second phase: A Principal Component Analysis was applied to separate the patients according to their responses in terms of plasma lipid profile, inflammatory and oxidative stress biomarkers. The first and second components explained 75.38% of the variation. On the basis of the projection of the cases on the factor-plane, 20 patients were randomly recruited from opposite directions and classified as "Responders" and "Non-Responders" to the nutraceuticals. Differences between these two groups were compared by ManneWhitney U tests. Data obtained only for "Responders" submitted to both treatments (standard statin therapy vs half dose statin) were compared with Wilcoxon-tests. In this last comparison, error type II is also important, since the objective of the study was to confirm the null hypothesis. For this reason, b risk was evaluated estimating a change of 6% for all variables as clinically relevant. The b risk was calculated based on normal distribution and Lehmann method using the software G*Power (Allgemeine Psychologie und Arbeitspsychologie, Dusseldorf, Germany). Spearman correlations were used to assess associations between biomarkers separately within the responder and non-responder groups. Significance was set at P < 0.05. Analyses were performed with the software STATISTICA version 9.0 (StatSoft, Inc., Tulsa, OK, USA).
RESULTS
Nutraceuticals effect on atherosclerosis risk biomarkers
Plasma changes of adherence markers are shown in Figure S1 . Mean omega-3/omega-6 ratio (EPA þ DHA/ARA) and b-sitosterol/cholesterol ratio increased after treatment with nutraceuticals, indicative of subject compliance. As expected, increases in EPA þ DHA concentration after NTR were higher for individuals who presented with lower baseline values ( Figure S2 ). The changes in anthropometric and biochemical parameters of individuals according to the type of intervention are shown in Table 2 . Baseline values of all parameters were equal for both treatments, suggesting that the 6-week washout period in our crossover design was sufficient to return the biomarkers to their respective original values. The treatment with nutraceuticals was effective in reducing total cholesterol (À10.1%), LDL-C (À13.7%), non-HDL-C (À12.0%) and hs-CRP (À35.5%). No changes were observed for the other parameters. However, NTR reduced TG (À17%) and MDA (À31%) in a subgroup of patients with baseline values above the median (93 mg/dL and 2.23 umol/L, respectively) ( Figure S3 ). When individuals were grouped according to the intensity of LDL-C reduction after NTR (Figure 1) , it was observed that higher LDL-C reduction was independent of baseline lathosterol values (P ¼ 0.988) e a sterol synthesis marker e but was dependent on sterol absorption, represented by campesterol concentration at baseline (P ¼ 0.045), suggesting that individuals characterized as a "sterol absorber" rather than "sterol synthesizer" would respond to plant sterol supplementation with a greater LDL-C reduction.
Pilot study of statin dose reduction
Results obtained in the first phase of the study showed that combined intake of n-3 FA, plant sterols, and polyphenols reduced lipemia and markers of inflammation and oxidative stress in some Type 2 diabetic, statin-treated patients. Based on these results, a cluster analysis was performed aiming to group patients with greater and lesser degrees of responses to the nutraceuticals. Ten patients from each cluster were invited to participate of the second phase. Figure S4 shows the percent change of LDL and hs-CRP for "R (Responders)" and "NR (Non-Responders)," measured at the end of the first phase. No difference was observed in MDA between the groups (P ¼ 0.910). At the beginning of the second phase (pilot study), "R" and "NR" groups characteristics were compared (Table 3) . We observed that "R" exhibited higher concentration of HDL-C (P ¼ 0.031) and lower small HDL particle concentration (P ¼ 0.045) than "NR." Although not significant, "R" showed a trend toward higher concentration of large HDL particles (P ¼ 0.063) and non-ABCA1 specific cholesterol efflux capacity (P ¼ 0.075) than "NR." A positive linear correlation was observed between total CEC and HDL-C (r ¼ 0.825; P ¼ 0.003) and total HDL particle (r ¼ 0.847; P ¼ 0.002) for "R" ( Figure S5 ). As to "NR," a less strong correlation was observed between total CEC and total HDL particle (r ¼ 0.620; P ¼ 0.056), while it was positively correlated to VLDL-C (r ¼ 0.769; P ¼ 0.009) and negatively correlated with hs-CRP (r ¼ À0.781; P ¼ 0.008). ABCA1-specific CEC was also negatively correlated with hs-CRP for "NR" (r ¼ À0.821; P ¼ 0.004). TG and VLDL-C were positively correlated with ABCA1-specific CEC for both "R" (r ¼ 0.662; P ¼ 0.037 and r ¼ 0.791; P ¼ 0.006) and "NR" (r ¼ 0.882; P ¼ 0.001 and r ¼ 0.861; P ¼ 0.001) ( Figure S5 ). Regarding to the pilot study, standard statin therapy (SST) was compared with half dose statin therapy complemented with nutraceuticals (HDS). No differences were observed between both treatments for all biomarkers evaluated in this study (Table 3) , and b risk was lower than 5% just for parameters associated to body weight (data not shown), suggesting that for some patients, nutraceutical supplementation can effectively combat any change in biomarkers despite a reduction in statin dose.
DISCUSSION
Several epidemiological and clinical studies have investigated the effect of isolated bioactive compounds on biomarkers of atherosclerosis and endpoints involved with cardiovascular diseases [14, 16, 17] . This is the first clinical study that investigated the effect of a concomitant combination of plant sterols, n-3 FA, and polyphenols on dyslipidemia, inflammation, and oxidative stress markers in patients treated with statins. Our results showed that the supplementation was easily incorporated into daily routine, as observed by plasma concentrations of EPA þ DHA and b-sitosterol after 6 weeks of NTR. Despite high adherence, the biochemical response to the combined bioactive supplementation varied according to the biomarkers. It was observed that TG reduction was relative to TG baseline values, being significant only in the subgroup of patients with baseline values above the median. The hypotriglyceridemic effect of n-3 FA is well established; increased boxidation, via activation of PPARa, and decreased lipogenesis by suppression of sterol regulatory element-binding protein-1c (SREBP1c) gene transcription are the described mechanisms [16] . Previous data show that the magnitude of n-3 FA's hypotriglyceridemic effect is influenced by baseline TG concentration and n-3 FA dose, suggesting that clinically significant TG reduction occurs only if EPA þ DHA dose exceeds 2 g/day [12] . In our study, despite an estimated daily intake of 2.1 g/d of EPA þ DHA, quantification of fatty acids in softgels showed that the provided EPA þ DHA dose was 1.7 g/d. In a recent study, Kleiner and colleagues showed that over 70% of commercial n-3 FA supplements sold in the United States did not contain the stated label amount of EPA and DHA [25] , partially due to oxidative instability [26] . Interestingly, human clinical trials usually do not report the oxidative status of supplements, which may be in part responsible for conflicting results [27] . More rigorous quality control should be applied to commercial n-3 FA capsules, as consumption of oxidized lipids can be deleterious [28] . Nevertheless, TG reduction achieved by fish oil supplements seems to be beneficial in patients at risk of CVD, since hypertriglyceridemia is strongly associated with atherosclerosis pathogeneses and may also contribute to residual cardiovascular risk [29] . Plant sterol consumption decreased LDL-C by 13%, independent of LDL-C baseline values, which corroborates previous studies [30, 31] and may correspond to a reduction of 20% in CVD risk over a lifetime [17] . The intensity of LDL-C reduction was shown to be influenced by subject's cholesterol absorption rate (as judged by basal campesterol concentration). Controversially, previous reports showed that basal lathosterol measures (cholesterol synthesis marker) could Values are expressed as mean AE SEM (n ¼ 53). Percent changes from baseline were calculated after each treatment. Treatment with nutraceuticals (NTR) consisted of a combined supplementation of fish oil softgels, plant sterol enriched chocolate truffles and green tea. Control treatment (CTR) consisted of soy bean oil softgels, regular dark chocolate truffles and anise tea sachets. p1: probability value obtained by independent samples T-test for baseline values between NTR and CTR. p2: probability value obtained by independent samples T-test between % change after NTR and CTR. Bold font indicates statistically significant p values.
predict an individual's LDL-C lowering response to plant sterol supplementation, as lathosterol concentration negatively correlated with intensity of LDL-C reduction after intake of plant sterols [32, 33] . However, these observations were conducted with untreated hypercholesterolemic individuals, while subjects in our study were treated with statins and therefore had limited lathosterol synthesis. A limitation in our study was that statin treatment was not restricted to a single type (atorvastatin or simvastatin) and dose. However, we suggest that treatment with different statins did not affect the LDL-C response to plant sterols, since baseline cholesterol synthesis was similar between subgroups with lowest and highest LDL-C reduction. The same was reported by Hallikainen and colleagues [34] , when individuals using three different statins with varying doses were provided with plant stanol esters. These authors observed that neither the type nor the dose of statin influenced the results. As stated above, the degree of LDL-C reduction was associated with the baseline cholesterol absorption rate. Whether statin treatment was responsible for upregulating cholesterol absorption rate remains to be determined [35] . This could be better elucidated if lathosterol and campesterol measurements were taken in all patients prior to statin therapy assignment. In fact, identifying an individual's sterol synthesizer/absorber profile could be a powerful tool for personalized medicine in primary prevention. The information about sterol synthesizer/ absorber profile would allow clinicians to introduce cholesterol absorption inhibitors, like ezetimibe or plant sterols, at the beginning of treatment, preventing adverse effects of high statin doses. In our study, NTR also reduced hs-CRP, possibly through an additive anti-inflammatory effect of n-3 FA and polyphenols. N-3 FA, especially EPA and DHA, give rise to inflammation-resolving mediators like resolvins and protectins [36] . Increased availability of n-3 FA also reduces synthesis of pro-inflammatory eicosanoids (through substrate competition with omega-6 fatty acids) and decreases activation of NFkB [36, 37] . However, n-3 FA effects on CVD risk remains inconclusive [38] . The addition of n-3 FA to statin therapy was previously shown to reduce hs-CRP by 22% after 4 g EPA/day [39] . In our study, 1.7 g/day EPA þ DHA prompted a 35% hs-CRP reduction. Likewise, the consumption of a polyphenol extract by statin-treated patients was previously shown to reduce hs-CRP by 23%, accompanied by a 29% reduction of oxidized LDL [40] . In the present study, a reduction of MDA (lipid oxidation secondary product) was observed only in a subgroup of patients with higher baseline values, possibly promoted by the antioxidant activity of green tea polyphenols, since both groups received the same amount of chocolate. Although green tea intake has been widely associated with antioxidant and anti-atherosclerotic effects [41] , results have been inconsistent, and there is a lack of high quality studies linking green tea intake to CVD risk reduction [42] . A critical principle of personalized medicine is to provide the right therapy to the right patient at the right time [43] . Our study shows for the first time that, for some patients, statin dosage can be reduced by half, without change in biomarkers of CVD risk, provided that specific dietary compounds are consumed daily at pre-specified amounts. This is consistent with previous observations that doubling statin dose causes only about 6% additional decrease of LDL-C [44] , which can easily be attained by plant sterol supplementation. The effect of statin therapy on HDL metabolism is less clear. Previous reports have shown that statins may both decrease [45, 46] or increase [47] CEC e the only metric of HDL functionality that has been shown to be predictive of prospective CVD events. A recent study showed that on-statin CEC was inversely associated with incident cardiovascular events and that, in fact, HDL particle number was the strongest HDL-related biomarker of residual risk in statin-treated patients [48] . In our pilot study, a 50% reduction on statin dosage did not alter CEC or HDL particle concentration. The individual characteristics that distinguish "R" from "NR" subjects remain to be elucidated. Despite having 40% more HDL-C, responders did not show marked alteration in CEC, compared to non-responders. Although both groups also had similar HDL particle concentrations, we observed a shift in size distribution, with "R" having fewer small particles and higher concentrations of large particles, which carry most of the HDL cholesterol. "R" and "NR" subjects may have a different inflammatory context since smaller HDL particles have been associated with antiinflammatory properties [49] and hs-CRP was negatively correlated with CEC for non-responders. Further studies are necessary to better understand and predict response to both drugs and nutraceuticals. Apart from our small sample size, another limitation of our study is that we did not compare the effects of reduced statin dose by itself, without any supplementation. Therefore, it is not clear if the 6 weeks of reduced-dose statin therapy was adequate to induce statistical changes in biomarkers. However, it would not be prudent or advisable to lower statin dose of high risk patients without providing alternative treatment. Long-term studies are necessary to confirm that biomarkers are kept unchanged during HDS therapy.
CONCLUSION
The combined intake of n-3 FA, plant sterols, and polyphenols promoted changes thought to be cardioprotective when added to statin therapy, observed by reductions of lipids, and of markers of inflammation and oxidative stress. Furthermore, it became clear that the hypocholesterolemic effect depends on the individual's sterol synthesis/absorption capacity. Although limited by the small sample size, our study has also shown the potential for adding nutraceuticals to statin therapy for primary prevention, instead of for example, doubling drug dosage whenever LDL-C levels are suboptimal. This may be particularly helpful in the many patients with and at risk for CVD who cannot tolerate high dose statin therapy. Such an approach, however, should be particular to subjects identified as good responders to the proposed treatment. Further studies are needed to establish new markers as a means to predict individual response to nutraceuticals.
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